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Description 

[0001] The present invention relates to a driving cir- 
cuit for use as an LED driving chcuit for displays, Indi- 
cators, or LED printer heads, as a laser source driving s 
circuit for optical disk apparatuses, exposure appf-vaius- 
es for IC fabrication, or lasor beam printers, or as a driv- 
ing circuit for light emitting elements tor optical commu- 
nications. 

[0002] Driving circuits for semiconductor light emitting to 
elements represented by light emitting diodes (LEDs), 
and semiconductor laoerc.jaro classified into two cate- 
gories: a cathode common circuit and an anode com- 
mon circuit. 

[0003] In the cathode common circuit, the cathode of 
a light emitting element is connected to a low-potential 
reference voltage source, and its anode is connected to 
a constant current source. 

[0004] in the anode common circuit, the anode of a 
lighi emitting element is connected to a high-potential &o 
reference voltage source, and its cathode >s connected 
to a switching circuit and a constant current source. 
[0006 J One example of the former circuit is disclosed 
in Japanese taid-Open Patent Application No. 
2-296382. The latter circuit is expected as a future main- $s 
stream circuit since its switching speed is higher than 
that of the former. 

[0006] Fig. 1 is a circuit diagram showing an example 
ot a conventional semiconductor light emitting element 
driving circuit. 30 
[0007] Referring to Pg. 1 , this driving circuit consists 
of differentially connected bipolar transistors 1 and 2; a 
bipolar transistor 3 which operatee whh a constant cur- 
rent; a semiconductor tight emitting element 4; a resistor 
5; an inductance 6 of the line which connects the bipolar 
transistors for driving the semiconductor light omitting 
©foment and the semiconductor light emitting element; 
an indttf tdnce 7 of the line which connects the semicon- 
ductor fintrt omitting element and a power supply; a junc- 
tion capaciidhce 8 of the semiconductor light emitting & 
element; collector-emitter capacitances 9 and 1 0 ol the 
bipolar transistors 1 and 2> respectively: and a base-col- 
lector capacitance 11 ot the bipolar trans/stor 3. 
[0008] As in Fig. 1 . in this semiconductor light emitting 
element driving circuit constituted by a conventional ** 
semiconductor integrated circuit, the emitters ot the dif- 
ferentially connected bipolai transistors 1 and 2 are con- 
nected to the collector of the bipolar transistor 3 which 
has the same conductivity type and operates as a con- 
stant current source. £0 
[0009] Unfortunately, in an arrangoment such as this 
pricw art Shown in Fig, 1 the current waveform for driving 
a semiconductor light emitting element is in some in- 
stances significantly distorted. 

[0010] Fig. 2 Is a view for explaining the mechanism 
in which the driving current for me semiconductor light 
omitting oiomom is distorted in the configuration illus- 
trated in Fig. 1 . This mochanism will bo described botow 



with r&forenco to Fig. 2. 

[0011] The semiconductor light omitting element 4 
needs to bo switched at a high speed with a constant 
current ot about a few rnrtliamperes to 100 milliamperes. 
Assume that the value Of thi3 constant current is I and 
the values of the inductances 0 and 7 are L 1 and Lg, 
respectively. Assuming the time during which the tran- 
sistor l is activated from a cut-ot! state and the current 
flowing through the semiconductor light emitting ele- 
ment 4 reaches the constant current value I from sub- 
stantially zero is t. counteroiectromotivovoUagos and 
V 2 produced in the inductances 6 and 7, respectively, 
by this current change are 

V T is transmitted to the base of the transistor 3 through 
the collector-emitter capacitance 9 ot the transistor i 
and the base-collector capacitance 11 of the transistor 
3, Likewise, V 2 is transmitted to the base or the transistor 
3 through the junction capacitance 8 of the semiconduc- 
tor light emitting element 4 and the capacitances 9 and 
11. 

[0012] The mutual conductance, g^, of the bipolar 
transistors is expressed as follows: 

g m ^dl e /dV be = qt c /kT 

That is, a change in the potential appfied to tho base 
produces as a large change in the collector currant. In 
this conventional arrangement, therefore, a potential 
variation occurring In tha line Inductance is transmitted 
to the base of the transistor 3 which operates with a con- 
stant current, thus distorting the collector current, i.o.. 
the driving current waveform of the semiconductor tight 
emitting element. 

[0013] This distortion in the waveiorm ie represented 
by overshoot or ringing. If overshoot takes place, a sem- 
iconductor light emitting element deteriorates, and this 
consequently reduces the life of a product using this 
semiconductor light emitting element. 
[0014] Examples of techniques for preventing this in- 
clude circuit configuration© shown in Figs. 3 and 4. In 
Fig. 3. a snubber circuit consisting of a resistor i2and 
a capacitor 13 is additionally provided externally to the 
package incorporating a semiconductor tight omitting ol- 
ement driving circuit. In Fig. 4. tho emitters that are dif- 
ferentially connected and tna base and collector of the 
transistor which operates with constant current are ex- 
tracted to terminals, and a coil 14 or a capacitor 24 Is 
inserted to stabilise the constant current. 
[001 5} Tho technique illustrated jn Fig.3. however, de- 
lays tho rise time due to the resistor and the capacitor 
for reproving overshoot, loading to a decrease in the 
driving frequency. 

[0016} In tho technique illustrated in Fig. 4, the 
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number of package pins and the number of parts arc 
increased. 

[0017] In Figs. 3 and 4, connecting terminals are de- 
noted by 1 9, 20, 21 and 22. 

[0018] A driving circuit having the features recited in 
the preamble of claim 1 appended hereto, is disclosed 
in each of United Stales Patents U5-A-4, 539.6&S and 
US-A-4, 709.370. In the former, a feedback controlled bi- 
as currant source is coupled to the tight emitting ele- 
ment, In parallel wllh the switching transistor of the de- 
ferential pair of bipolar transistors, to cancel modulation 
current and thus olfminato current overshoot on switch- 
ing. 

[00)9] The present invention is intended to realise a 
semiconductor light omitting element driving circuit ca- 
pable of driving a semiconductor light emitting element 
with a stable driving current by eliminating distortion of 
the waveform of the driving current for the semiconduc- 
tor light emitting element, thereby preventing deteriora- 
tion of the semiconductor light emitting element and in- 
creasing the life of a product. 

[0020] The driving circuit of the present invention is 
characterised In that the constant current source is 
formed of a plurality of MOS FET drive transistors which 
are connected In parallel and have their drains connect- 
ed to the emitters of the bipolar transistors, each of the 
MOS FET transistors having, connected to its gate elec- 
trode, a respective time constant circuit consisting of a 
resistor and a capacitor. 
[0021 J In the accompanying drawings: 

Fig. 1 is a circuit diagram showing a conventional 
semiconductor tight emitting element driving circuit; 
Fig. 2 is a view showing voltage waveforms and cur- 
rent waveforms at individual nodes when the circuit 
In Fig. 1 is In operation; 

Fig. 3 is a circuit diagram showing another conven- 
tional driving circuit; 

F19. 4 is a cirouit diagram showing still another con- 
ventional driving circuit; 

Fig. 5 is a circuit diagram showing a semiconductor 
light emitting element driving circuit, a prototype of 
a preferred embodiment of the present invention. 
Fig. 6 is a view for explaining voltage waveforms 
and current wavetorrm at individual nodos when 
the circuit in Fig. 5 is in operation; 
Figs. 7 A to 7C are views showing semiconductor 
light emitting element driving current waveforms 
and constant current NMOS gate voltage wave- 
forms; 

Fig. 8 is a circuit diagram showing a driving circuit 
according to a preferred embodiment of the present 
invention; 

Fig. 9 is a sectional view showing a portion ol a driv- 
ing circuit chip to implement the preferred embodi- 
ment; 

Fig. 10 is a sectional view showing another portion 
ol the driving circuit chip of Fig. 9; and 



Figs. 11Aand 11 Bare schematic views showing the 
arrangements ol systems in which the driving circuit 
of the presem invention can be employed. 

5 [0022] The preferred embodiment of the present in- 
vention, and a prototype thereof, will now be discussed 
in detail, making reference to the drawings. 
[0023] The basic arrangement of the driving circuit 
comprises a bipolar transistor to which 13 applied a con- 

to trol signal for controlling the driving of a light emitting 
element, and a constant current source for supplying a 
constant current to the bipolar transistor. 
[0024] When an ON signal is appiioti to the gate ot the 
bipolar transistor, the bipolar transistor is turned on and 

is a current flows between fte emitter and its collector. This 
current, for driving the light emitting element, is supplied 
from the constant current source. 
[0025] In the prototype, discussed in detail below, the 
driving circuit Is a semiconductor integrated circuit hav- 

20 jng differentially connected bipolar transistors and a 
MOS transistor on the seme substrate, which uses the 
differentially connected bipolar transistors as a switch- 
ing circuit, and which has a tight omitting element con- 
nected to and driven by mo bipolar transistor. In this cir- 

2& cult* a constant current circuit using a MOS transistor is 
connected to the differentially connected bipolar transla- 
tors. Wilh this arrangement, it is possible to suppress 
overshoot and ringing occurring in the driving current Of 
the light emitting element by controlling the response of 

00 the constant current eource by using a MOS transistor 
whose mutual inductance is emeu 
[0026] In use. complementary signals are applied to 
the bases of the respective differentially connected b»~ 
polar transistors. The bipolar transistors, connected to 

35 the light emitting element, is switched without being sat- 
urated. This allows current switching at the highest 
speed. 

[0027] in the driving circuit of the preferred embodi- 
ment, a plurality of MOS transistors are connected in 

40 parallel. A iJiOS transistor such as one formed in the 
same integrated circuit as bipolar transistors as in the 
present Invention, excluding those fabricated through 
some special process, such as power MOS transistors, 
is primarily one of the type used in a logical circuit. 

4S Therefore, the current which the MOS transistor can 
handle is commonly 1 jaA or tower. A very large MOS 
transistor would be necessary to obtain a current of sev- 
eral miiliamperes to 100 milliamperes tor driving a sem- 
iconductor light emitting element. The dimensions of 

so $uch a MOS transistor obtained by simulation are a gate 
width of 2000 um and a gate length of 3 urn A MOS 
transistor of this size can no longer be considered as a 
lumped component, since the current density would 
vary In the transistor. To prevent this, a plurality of MOS 

ss transistors are connected in parallel. 

[0026] In addition, a respective time constant circuit, 
formed in the same integrated circuit as each MOS tran- 
sistor used as a constant current source, consisting of 
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a re&is tot and a capacitor, is connected to the gate of 
the respective MOS transistor. With this arrangement, 
tho gate potential waveform can be controlled because 
the time constant Is optimised. Consequently, it ts pos- 
sible to obtain a high-speed current waveform free from 
overshoot and ringing. 

[0029] The driving circuit can bo realised as a ono- 
ehfp IC by using well-known IC process techniques It is 
also possible to fabricate the circuit by using a com- 
pound semiconductor such as gallium arsenide or indi- 
um phosphorus. When the driving circuit is fabricated 
by using the came compound Semiconductor as a light 
emitting element, « is reacfify possible to integrate the 
two Into one chip. 

(0030] Fig. 5 is a circuit diagram showing a prototype 
semiconductor light emitting element driving circuit. Re- 
ferring to Fig. 5. npn transistors 1 and 2 are differentially 
connected. An NMOS transistor 3 has a drain connected 
to the common emitter of the npn transistors 1 and 2 
and operates with a constant current. A semiconductor 
light omitting element 4 has a cathode connected 10 the 
collector of the npn transistor 1 via a parasitic induct- 
ance 6 of a line. A resistor 5 as a load is connected to 
trie collector of the npn transistor 2. A parasitic induct- 
ance 7 is due to the fine between the anode of the sem- 
iconductor light emitting element 4 and a power supply 
t5 as a high-potential reference voltage source. The 
semiconductor light emitting element 4 has a junction 
capacitance Cj, 8, The npn transistors 1 and 2 have 
ornitter-cotloetor capacitances & and 10. respectively. 
Tho NMOS transistor 3 which operates as a constant 
current source has a drain-gate capacitance 11. One 
end of a resistor 12 is connected to tho gate ot the 
NMOS transistor 3 and to one end of a capacitor 1 3. The 
other end of the resistor 1 2 is connected to the gate and 
drain ot an NMOS transistor 14 for applying a bias po- 
tential. The other end of the capacitor 13 is connected 
to a ground potenttai c6 as a low-potential reference 
voltage source. IrwerWe 1 7 and 1 8 euppfy complemen- 
tary switching signal to the bases of the differentially 
connected npn transistors. A constant current source 1 9 
supplies a constant current to the NMOS transistor 14. 
[0031] Fig, 6 Is a view showing voltage waveforms 
and current waveforms at individual nodes of the circuit 
ot Fig. 5. The operation of this circuit will be described 
below with reference to Fig. 6. 

[0032] The inverter 17 applies a High-level signal to 
tho base of the npn transistor 1 , and the inverter 1 8 ap- 
plies a Low -level signal to the base of the npn transistor 
2. Consequently, the npn transistor 1 Is activated, and 
tho npn transistor 2 is cut off. The collector current of 
the npn transistor 1 . i.e., the driving current of the sem- 
iconductor light emitting element changes from 0 to a 
drain current I of the NMOS transistor 3. which oporatos 
with a constant current, after a certain time t. As indicat- 
ed by (a) and (b) in Fig. 6, the current change I in the 
time t generates couniereleclromotrve voltage pulses 
Lt l/t and LpM duo to tho parasitic inductances 6 (= L<) 



78 982 B1 6 

and 7 {- Lfc), respoctrvory. These counterelectromotive 
voltage pulses are transmitted to the gato of the NMOS 
transistor 3 through the junction capacitance 8 of the 
semiconductor light emitting element, the emitter-col- 

5 fector capacitance 9 of the npn transistor 1. and the 
gate-drain capacitance 11 of the NMOS transistor 3. Po- 
tential variations at the emitters of the npn transistors 1 
and 2 are Illustrated in (a) of Fig. 6, i.e., indicated by trie 
solid-line waveform which is generated by the comple- 

io mentary driving signals to the bases and tha dotted-line 
waveform which is synthesized with the counlcrolectro- 
moiivo voftago pulses, respectively. Consequently, tho 
dottcd-iine potential waveform shown in <f) of Fig. 6 is 
generated at tho gate of the NMOS transistor. 

is [0033] The mutual conductance, g m . of the NMOS 
transistor is represented by 

20 

where 

l D : the drain current 
ix n : the mobility of electrons 
25 C ox ; the gate capacitance 
W : tho channel width 
L : the channel length 

[0034] Tho above equation demonstrates that the mu- 
st* tual conductance of a MOS transistor is far smalle r than 
that of a bipolar transistor. This indicates that the influ- 
ence of a potential variation at the gate & email as 
change in the dram current, 

[0035] Furthermore, in this circuit the resistor 1 2 and 
06 the capacitor 1 3 are connected to the gate of the N MOS 
transistor 3. Consequently, the behaviour of the gate po- 
tential is controlled by a time constant x - Cq-F^. That 
is. the gate potential responds to high-speed pulses with 
time constant x. 
40 [0036] Figs. 7A to 7C indicate the driving current 
waveforms of the semiconductor light emitting element 
and gate voltage waveforms obtained while changing 
the time constant obtained by the resistor 12 and the 
capacitor 13 connected to the gato of the NMOS Iran* 
*** slstor 3 which operates with a constant current. Figs 7 A 
to 7C show thai when the time constant is made most 
suitable, a current waveform tree fiom overshoot and 
ringing can be obtained. 

[0037] H the cizo of a single NMOS transistor is irv 
so creased to obtain the necessary driving current, the cur- 
rent is distributed and U is not possible to treat the tran- 
sistor as a lumped component. This makes the optimum 
design ot the circuit difficult. 

[0038] In the preferred embodiment of tho invention, 
55 the single MOS transistor 3 of the prototype is replaced 
by connecting a plurality of MOS transistors in parallel, 
which are individually formed in a plurality ot active re- 
gions formed on an Si substrate and isolated by a field 
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insulating dielectric film of SiC^. 
(Preferred Embodiment) 

[003d] Pig. 8 is a circuit diagram showing a semicon- 
ductor light emitting element driving circuit according to 
the preferred embodiment of the present invention. In 
this embodiment, a plurality of NMOS transistors 31 , 32, 
33, ..3n are connected in paraflet. and a resistor 41 , 42, 
43, .4n and a capacitor 131, 132. 133, .,13n are con- 
nected to tha gate of each MOS transistor. 
{0040] Each MOS transistor is used as a parallel con- 
slant current source connected to the emitters of differ- 
ent iafly connected bipolar transistors. Additionally, a re- 
spective time constant circuit consisting of a resistor and 
a capacitor is connected to the gate of each MOS tran- 
sistor. Consequently, with an appropriate choice of time 
constant, it is possible to obtain a current pulse wavu- 
form free from overshoot and ringing. 
[0041] Since the semiconductor tight emitting element 
rs driven with a stab*© driving current, the element doss 
not deteriorate. This effectively increases the life ot the 
product. 

{0042] Fig. 9 is a sectional view showing a portion of 
an IC chip in which tha driving circuit of the preferred 
embodiment is formed. In Fig. 9, only one bipolar tran- 
sistor 8PT and two MOS transistors MOS are illustrated, 
and other components such as a protective layer are 
omitted. The parts shown in Fig. 9 are a p-type silicon 
substrate 201 , an n'-type collector buried layer 202. a 
p-type well 203, an t)-^po epitaxial layer 204, a p-type 
base 205, and an nMypo emitter 206. 
£0043] The two NMOS transistors MOS have sources/ 
drains 207 and 208 and gates 210. A field insulating film 
209 isolates the elements. 

{0044] A collector line 211 of tha bipolar transistor is 
connected to the terminal of a light emitting element. A 
base line 21 2 serves as an input terminal, and a line 21 3 
connects a constant current source to thB bipolar tran- 
sistor. A ground lino 214 is connected to a low-potential 
reference voltage source, 

10045] Rg. 10 is a sectional view showing a portion of 
an IC chip in which a series circuit of a resistor H and a 
capacitor C is formed. 

[0046] In this series circuit in Fig. 1 0, rr 1 -typo diffusion 
layers 221 ami 222 are formed, and a series connecting 
line 215 connects the resistor R and the capacitor C. 
The circuit also includes an insulating intartayer 230. 
[0047] The driving circuit is formed into a single chip 
as illustrated in Fig. 9 by e fabrication method called ft 
BiMOS process or « Bi CMOS process. The aa Has circuit 
shown in Fig. 10 is also monolith taally Integrated with 
the driving circuit. 

[0048] Figs. 11 A and 11 B illustrate examples of sys- 
tems using the circuit ot the present invention. Fig. 11 A 
shows a printer, and Fig. 11 8 shows an optical commu- 
nication system. 

[0049] The printer shown in Fig. 1 1 A comprises a pho- 
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rosonsitive drum DRM, a cleaner CL.M. a charger CGR, 
and an exposure unit EXP which empidys the driving 
circuit ot the present invention, a developing unit DVLP. 
and a recording medium P, 

[0050] The exposure unit EXP uses an LED array or 
a iaserdiode as a light emitting element and lorms latent 
images on the photosensitive drum by using light from 
the light emitting ©foment. 

[0051] In the communication system shown in Fig. 
11 B, the transmission side Includes a laser diode LD as 
a light emitting element and a transmitter SYS1 with a 
driving circuit, and the reception side Indudes a photo - 
diode sensor PHD and a receiver SYS2. 
[0OS2] An optical fibi e OFfl also is provided. 
[0OS3J The light emitting element driving circuit is 
adopted in the transmitter SYS1 , 



Claims 

1 . A driving circuit for driving a light emitting element, 
which circuit is an integrated circuit comprising: 

a constant current source (3) including an FET 
drive transistor (31); and 
a pair of bipolar transistors (1.2), the emitters 
of which are connected to said constant current 
source, to provide a constant-current d8f oron* 
tial switch for controlling and driving the light 
emitting element (4) connected to and driven 
by a collector of one of said bipolar transistors 
0,2): 

characterised in that 

said constant current source (3) is formed of a 
plurality of MCC ^ET drive transistors (31 ,02,..) 
which are conrve&ed in parallel and have their 
drains conne»citftf otho emitters of said bipolar 
transistors (1 ,2), each of said MOS FET tran- 
sistors having, connected to its gate electrode, 
a respective time constant circuit consisting ot 
a resistor (41,42,...) and a capacitor 
(131.132,..). 

2. A circuit according to claim 1 wherein each one of 
said MOS transistors (31 .32...) is formed separately 
on an active region (203) separated by a field insu- 
lating film (209) of SiOjj on a Si substrate (201). 

3. A circuit according to claim 1 incorporated on tha 
same substrate (201) as, and integrated with, the 
Hght emitting element (4). 



Potontanspruohe 

1. Treiborschaltung zur Anstcuerung oines lichtemit- 
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tlerenden Elementes, woboi die Schaltung sine in- 
tegrieftQ Schaltung ist. mil 

einor Konstantstromquolle (3) mil einem FET» 
Trcibertransislor (31 ), unci * 
etnem Paar Bipolaitransistoren (1,2), deren 
EmiUoranschlusee an die Konetanlsiromquolio 
angeschlosson sind, um a in on Konstanfstronv 
QiftoronzschaHor zur Stguerung und 2Ur An- 
stouerung dos an amen Koiiektoranechluft von ^ 
oinom dor Bipolar* rans is toron (1, 2) ange- 
sehiossenen und durch dieeen angcstoucrton 
lichtemfflioronden £!emeritas (4) bereitzustol- 
I0n. 2. 

is 

cteduroh gekennzeichnei. dan 

die Konslantstromquelle (3) aus einer Vielzahl 
von parallel geschaltoton MOS-FET-Treiber- 
transistoron (31, 32, ...) bostoht, deren Drain- so 3. 
anschlOsso an den Emitter anscMOssen dor Bi- 
polartranslstoreh (1, 2) angeschtosssn sind, 
woboi jedar dor rviOS-P ET-Tranei&toron oine 
an dossen Gaieotektrode angeschtossene jo- 
waiHga ZaUkonstanianschahongaus einem Wi- 25 
derstand (41, 42, ...) und einem Kondoneatof 
(131, 132. ,,.)aufweist. 

Schaftung nach Anspr uch 1 , woboi jeder dar MOS- 
Transistoron (31, 32, . . .) oinzoln auf einem durch eh &> 
nen feldisoiierenden Si02 Rim (209) gouennion 
aktiven Beraich (203) auf einem Si Substrat (201) 
gebiidet ist. 

Schaltung nach Anapruch 1, die auf dam aejben 0$ 
Substrat ($01 ) wie das iichtomrttiorende Element 
(4) und miUiiosem integriert ausgabiktot 1st. 



ladita source de courant constant (3) est tor- 
nado d'une pturaiitO do transistors d'attaque 
constitu6s do transistors a effet da champ mo- 
tat-oxyda^«mlconductaur (MOSFET) (31, 
32, ...) qui eon? connectes on paralieio at ont 
tours drains connoct^s aux emettours desdits 
transistors bipolaires (1, 2). chacun desdits 
transistors a elfetdo champ m6tal-oxyde-semi- 
conductour ayant. connects a. son electrode do 
grttfe. un circuit da constant© da tamps respectif 
compose d'une resistance (41. 42, ...) at cfun 
condensateur(l3l, 132, ...). 

Circuit seton la revendication 1 , dans J equal chacun 
desdits transistor© motai-oxydG'Scmiconducteur 
(31, 32, ...) est forma separement sur una region 
active (203) sdparoe par un film dMsoloment de 
champ (209) en SiO^ sur un subetra! de Si (201). 

Circuit solon ia revendication 1 , incorpore sur le m6- 
me substrat (201 ) que rdWmant Smefieur do lumie- 
re (4). el integro a caiui-cK 



Revendication S l 
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Circuit d'attaque pour attaquer un element brnetteur 
do lumiOre, ce circufl etant un circuit intdgr© 
compronant ; 

una sourcG da courant constant (3) compronant 
un transistor d'attaque constltue Cfun transistor 
a ettet de champ (31 > ; et 
uno pairo de transistors bipolaires (1,2) dont 
los emefleurs sont connectes a iadite source 
de courant constant, do facon a constituer un 
commutaiour diffdrontiei do courant constant 
pour commander et attaquer Felement emat- 
tourde lumiOre (4). connocia a un cotlectourde 
Tun desdits transistors bipoiairee (1 . 2) el atta- 
que par ceiui-ci ; 



4$ 



so 



caractlrise en ce que : 
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